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H mulated in the first order formalism, solves the cosmological constant problem. 

The most appealing formulation of the theory displays a local symmetry associ- 
ated with the arbitrariness of the measure of integration. This can be motivated 
by thinking of this theory as a direct coupling of physical degrees of freedom 
with a "space - filling brane" and in this case such local symmetry is related 
to space-filling brane gauge invariance. The model is formulated in the first 



We showed that the principle of nongravitating vacuum energy, when for- 
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order formalism using the metric Gab and the connection T^q as independent 
dynamical variables. An additional symmetry (Einstein - Kaufman symmetry) 
allows to eliminate the torsion which appears due to the introduction of the new 
measure of integration. The most successful model that implements these ideas 
is realized in a six or higher dimensional space-time. The compactification of 
extra dimensions into a sphere gives the possibility of generating scalar masses 
and potentials, gauge fields and fermionic masses. It turns out that remaining 
four dimensional space-time must have effective zero cosmological constant. 



1 Introduction 



We have developed a theory ||ll,0 where the measure of integration in the action 



principle is not necessarily \/—G {G = DetiGAB)) but it is determined dynamically 
through additional degrees of freedom. This theory is based on the demand that such 
measure respect the principle of non gravitating vacuum energy (NGVE principle) 
which states that the Lagrangian density L can be changed to L + constant without 
affecting the dynamics. This requirement is imposed in order to offer a new approach 
for the solution of the cosmological constant problem ||^. 

Clearly the invariance L — > L + constant for the action is achieved if the measure 
of integration in the action is a total derivative, so that to an infinitesimal hypercube 
in D-dimensional space-time Xq<x'^<Xq+ dx^, A = 0,1, ... ,D — 1 we associate 
a volume element dV which is: (i) a total derivative, (ii) it is proportional to d^x 
and (iii) dV is a general coordinate invariant. The usual choice, \/—Gd^x does not 
satisfy condition (i). 

All of the conditions (i)-(iii) are satisfied |1[],[0 if the measure appropriate to the 
integration in the space of D scalar fields ipa, {a = 1, 2, ...D), that is 

dV = dipi A dip2 A ... A d(pD = -fr,d x (1) 

where 

$ = ea,a,...ane^''''-^''{dA,Va,){dA,iPa,) ■ ■ ■ (^A^^aJ- (2) 

Notice that this is a particular realization of the coupling of p-brane (with p+ 1 = 



D) with the {p + l)-form potential 

AaxA2...Ad = d[AiAA2...AD] (3) 

and a further couphng with the Lagrangian density (usually not considered). In fact, if 

Aa2...Ao equals to y4^2..Ao - -h.'-P<^i('^A2^'^2) ■ ■ ■ (•9Ao</'ao)£^aia2...aD, then 9[a^ AAa^.A^lC^aJ^'/^ 

dx"^^ A ... A rfx^° coincides with (|l]),(|). 

Following the Ref . 0] we will call the brane a " space- filling brane" if the rank of the 
form Aaj^A2...Ad that couples to the p-brane equals to the space-time dimensionality 
(that is p + 1 = £*). In the normal formulation of p-branes one requires invariance 
under gauge transformations of the form 

AaiA2...Ad ^ Aa^A2...Ao + d[AiAA2...Ao] (4) 

and simply write the coupling g J AAiA2...Aod'X^^ A dx^^ A ... A dx^° which is invariant 
under (|) provided A[A2...Ad] ^ as x^ -^ cxd and one doesn't allow coupling to a 
third entity (like the Lagrangian density L). 

The problem is[^] that in the case of a "space-filling brane" the equation of motion 
obtained from varying A^^y^^ ^^ is simply g = 0, that is there is no action principle 
to talk about. 

In the alternative we propose, we don't have to necessarily insist on the particular 
realization (|T]),(^), although it has the most attractive geometrical interpretation 0. 

We will choose to write AAj^A2...An ^ ^ total derivative 

AaiA2...Ad = dlAiAA2...Ao] (5) 



and then we use Aa2...Ad ^^ ^^e independent dynamical variables in our action prin- 
ciple. Furthermore we can implement the NGVE-principle if we write the following 
action 

S = f LdiA,AA2...Ao]dx^' A dx^2 A ... A dx^° (6) 

which describes the coupling of the brane to gravity and matter which appear through 
the Lagrangian density L = Lg + Lm- The Lagrangian structure has to be defined by 
the demand that the action (^ be invariant under the following gauge transformation 

Aa2...Ad ^ Aa2...Ad + ^A2...An (7) 

for any Aa2...Ad (without a condition for Aa2...Ao ^s x^ — > oo) which will be refered 
afterwards as a "space-filling brane gauge transformation". In this case L has to 
transform correspondingly in order to compensate the transformation of the measure. 
How this is realized , will be explained after we understand the basic structure of 
the theory in the first order formalism (see also Ref.p|). In the case that we use the 
representation (|l|),(@), an arbitrary change of the measure corresponds to an arbitrary 
diffeomorphism in the internal space of the scalar fields ipa- 

There are two well known variational principles: the first and the second order 
formalisms, which are equivalent in the case of the general theory of relativity. How- 
ever, as we will see, they are inequivalent in our case. In the first order formalism , in 
the action Gab and T^^ appear, while no explicit derivatives of Gab are introduced 
in the Lagrangian density. The action principle allows then to solve T^q as a func- 
tion of Gab and its first derivatives. The resulting equations are the usual Einstein 
equations which are also obtained from the second order formalism which does not 



involve T^q as a dynamical variable but rather involves only Gab and their first and 
second derivatives. 

In the case at hand, that is in the context of the NGVE theories, the first and 
second order formalisms are not equivalent. The model that results from studying 
the theory in the second order formalism|]l| gives rise to empty space solutions with 
arbitrary constant curvature. In this case the cosmological constant problem is not 
solved (although arguments based on maximal symmetry can be made in favor of the 
zero curvature choice for vacuum). In contrast, the first order formalism leads to the 
solution of the cosmological constant problem in a straightforward way. 

In the first order formalism, the theory has been studied using the vielbein 
ef and the spin-connection u^l {i,k denote Lorentz indexes in D dimensions), in- 
stead of utilizing F^^ which will be the case here. Furthermore, the use of T^^ as 
dynamical variables instead of u^ makes manifest a new symmetry of the theory, 
which was discovered as a symmetry of the curvature tensor in the afhne connection 
space by Einstein and Kaufman long time ago]^ and given by them the name of 
"A — trans f ormation" . Although the A-symmetry was discussed in Ref. [Q in the 
context of a very specific unified model, it turns out that the range of applicabihty 
of this symmetry is much wider. This question will be discussed in Sec. 2. 

The importance of Einstein-Kaufman A-symmetry in our model is that it allows 
for the elimination of the torsion in the absence of fermions, as opposed with the first 
order formalism employing u^ where it is hard to avoid explicitly the appearence of 
the torsion even in the absence of fermions@]. 



In our previous paper it was shown that in the first order formahsm, the theory 
based on the NGVE-principle possesses an additional local symmetry for the vacuum 
and for some special models. When realizing the NGVE-principle with the measure 
of the form of eqs.(|lD,(0), we have seen0 that this local symmetry incorporates the 
group of diffeomorphism transformations of the internal space of scalar fields ipa- Here 
we will see that this local symmetry can be formulated in a way where it incorporates 
space-filling brane gauge invariance (|3)(see sections 3-5 of this paper). The impor- 
tance of this symmetry, apart from its obvious geometrical meaning, consists of the 
fact that for models where it holds it is possible to choose the gauge where the mea- 



sure $ coincides with the measure of general relativity \/—G. This is why we call this 
symmetry "local Einstein symmetry" . In Sec. 6 we construct realistic models (without 
loosing the solution of the cosmological constant problem in four dimensions) where 
the local Einstein symmetry holds as an exact symmetry. 



2 Action and Einstein- Kaufman A-symmetry 

According to the NGVE-principle, the total action in the D-dimensional space-time 
should be written in the form 

S= I ^Ld^x (8) 



where ^d^x may be given either by 

<l)d^x = diA,AA^...AD]dx^' A dx^^ A ... A dx^"" (9) 

(as in eq.(|])), or by using $ as in eqs.(|l]),(0). 



We assume that L does not contain the measure fields , that is the fields by means 
of which $ is defined. If this condition is satisfied then the theory has an additional 
symmetry. In fact, for example for the case of the action with <l> given by eq.@, the 
action (1) is invariant under the infinitesimal shift of the fields </?„ by an arbitrary 
infinitesimal function of the total Lagrangian density L, that is[|l|,[@] 

^'^ = ^a + ega{L), e<l (10) 

Our choice for the total Lagrangian density is 

L = --R{T,G) + Lm (11) 

K 

where Lm is the matter Lagrangian density and -R(r, G) is the scalar curvature 

R{V,G)=G^''Rab{T) (12) 



Rab{T) = i?5^^(r) (13) 

^BCDK^J — r^CD ■" ^BD,C + ^ ED^ BC ~ ^ EC'^ BD (14) 

The curvature tensor is invariant under the A- transformation 

r'ic = r^c + SbKc (15) 

which was discovered by Einstein and Kaufman^. Although this symmetry was 
discussed in Ref.[Q in the very specific unified theory, it turns out that A-symmetry 
has a wider range of validity and in particular it is useful in our case. 



In fact, for a wide class of matter models, the matter Lagrangian density L^ is 
invariant under the A transformation too. This is obvious if L^ does not include 
the connection T^fj at all (like, for example, for scalar fields, for a point particle 
and other cases that we will discuss in this paper). As an example of particular 
importance we consider here the case of Dirac fermions in 4-dimensional space-time 
with the hermitian Lagrangian density 

Lf = -^[(V^V^)7^V^ - i^rV^^ + 2tV{i^^)] (16) 

which is also invariant under A-transformation. Here matrices 7^^ (/i = 0, 1, 2, 3) are 
defined according to 'j^ = 6^7"", where 7" are the Dirac matrices and e^ are vielbeins: 
Qi^iu _ ^t^^nu ^ rjj_^g covariant derivatives in (jT^) are given by V ^ip = d^ip — jT fj_^xl'^ l^i^ , 



V^V' = d^^P - ir^.A^7"7^ and T^,x = GxaT%. 

What concerns with vector bosons, we note that the demand of gauge invariance 
leads to a generally coordinate invariant gauge boson Lagrangian which does not 
include the connect ion 1711. 



3 Connection and local symmetries 

First consider here the case where L^ does not depend on F^^, that is fermions and 
curvature are not present in Lm- Varying the action (|),(|rT]) with respect to T^^, we 
get 

~ ^ BC ~ ^ Eb'^ '^DC + <^C^ BD + "b'^ J- DE^FC " 



GocdBG''^ + SJ.GDcdEG'''^ - 5^^ + 5^^ = (17) 

We will look for the solution (up to a A-symmetry transformation) of the form 

^Bc = {bc} + ^BC (18) 

where {bc} ^^^ ^^e Christoffel's connection coefficients. Then E;^^ satisfies equation 

— (^,0 Gab + <^,aGbc~Gbd'^ca~Gad^bc~^^ab^cd~'i~GbcGdaG T,^p = (19) 

where 

^ = lnx, X = ^ (20) 



The general solution of eq. (|T9 



IS 



S^c = '5bA,c +^^i^^B 5^ - a,D GbcG""^) (21) 

where A is an arbitrary function, which appears due to the existence of the Einstein- 
Kaufman A-symmetry. If we choose the gauge A = a/{D — 2), then the antisymmetric 
part of E;^^ disappears and we get finally 

S^c(^) = ^^(^bCT,c +S^ct,b -ct,d GbcG^"") (22) 

In the presence of fermions, for the case D = 4, in addition to the cr-dependent 
contribution to the connection([T8|), there is the usual fermionic contribution T^bc 
which does not depend on a (see for example Ref. 0). However, even in the presence 
of fermions we can use the A-transformation since Lf (see eq. (p!6|) ) is invariant under 
the A-transformation. Due to this, the cr-dependent contribution to the antisymmetric 
part of ^Bc '^^^ t)e set to zero also here. Therefore we can write 

^ic = ^U^) + ^fc^ (23) 

10 



where S;^(^(o") is again defined by eq.( 

In the vacuum, the a-contribution (^) to the connection can be ehminated by a 
conformal transformation of the metric [^ accompanied by a corresponding transfor- 
mation of the fields defining the measure $. Indeed, in the vacuum the action (|),(|ll]) 
is invariant under local transformations 

Gab{x) = J-'G'^b{x) (24) 

$(x) = J-\x)^'{x) (25) 

For J = x'/(^-') we get x' = 1, S'^c(^) = and T'i^ = {icY^ where {icY are 
the Christoffel's coefficients corresponding to the new metric G^^. The appropriate 



generalization of the local symmetry (]2^ ) , (]25|) in the presence of fermions will be 



discussed in Sec. 5. The extension of applicability of this local symmetry for realistic 
matter models will be discussed in Sec. 6. 

For the case where the measure $ is given by eq.(0), the transformation (|25|) can 
be the result of a diffeomorphism ipa — > (p'a = '^'aiVb) in the space of the scalar fields 
^a (see Ref.§). Then J = Det{^). 

If we take the choice (^, then eq.(p5|) for a given J may be interpreted as the 
result of the gauge transformation (|^) . 



4 Equations of motion 



First we study equations that originate from the variation with respect to the measure 
fields. If the measure is defined using the antisymmetric tensor field Aa2...Au as the 

11 



dynamical variable, we obtain 



,A,...AoQ^^ [--i?(r, G) + L„] = (26) 



which means that 

i?(r, G) + Lm = M = constant (27) 

AC 

If we consider the case where the measure is defined as in eq.(0), we obtain instead 
of (^6|), the equation 

A^dB[--R{T,G)+Lm] = ^ (28) 

K 

where Af = ea^,„a^_,he^'-^°-''^{dA^^ar) ■ ■ ■ {dA^_,iPar,_,). Since A^dA^b' = D'^Sw^ 
it follows that Det{A^) = ^^^^'^, so that if $ 7^ 0, eq.(0) is again obtained. 

Therefore the two approaches for defining the measure which implements the 
NGVE principle, give, under regular conditions, the same equation (that is eq. (|27|) ). 
The case where the measure is defined as in eq.(0), provides with an extra possibility. 



which is that (p7[) may not be satisfied if $ = 0. That is one can envision a scenario 
where the integration constant M in eq.(p7D could change while going through a 
singular surface with $ = 0. This possibility and its cosmological consequences will 
be studied in a separate work. 

Let us now study equations that originate from variation with respect to G^^. For 
simplicity we present here the calculations for the case where there are no fermions. 
Performing the variation with respect to G^^ we get 

1 dL 

--«.B(r) + g^ = (29) 
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Contracting eq.(P^) with G^^ and making use eq.p7|) we get the constraint 

^^^^%^-(^"^-^)=0 (30) 

This constraint has to be satisfied for all components (in the functional space) 
of the function Lm- In particular, for the constant part denoted < Lm >, which is 
relevant to a maximally symmetric vacuum state, we get 

< Lm > -M = (31) 

Inserting ( pi]) in eq.(p7D we see that in the maximally symmetric vacuum the 
scalar curvature -R(r) is equal to zero. As we have seen in the previous section, the 
cr-contribution to the connection can be eliminated in the vacuum by the transfor- 
mations (|2^),(|25|) (notice that due to the NGVE-principle, the constant part of the 
matter Lagrangian density < L^ > does not alter the result that the action (||) in the 
vacuum is invariant under the transformations (|2^) , (^) . This is because the measure 



$ is a total derivative and therefore constant part of the Lagrangian density does not 
contribute into equations of motion). Then in terms of the new metric G'^^^, the 
scalar curvature -R(r, G) becomes the usual scalar curvature R{G'j^q) of the Rieman- 
nian space-time with the metric G'^^^. Therefore we conclude that the Riemannian 
scalar curvature vanishes in the maximally symmetric vacuum. In the presence of 
fermions the constraint (RDf) has to be generalized. For more details about fermionic 



models see the next section. 
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5 Some matter models which satisfy automatically 
the constraint ( |30| ) and local Einstein symmetry 

As we have seen, the consistency of the equations of motions demands the constraint 
(0) to be satisfied. Here we are going to present theories where the constraint (0) is 
associated with the existence of a local symmetry, which we have already identified in 
the vacuum case, i.e. the symmetry (p^) , (p5D , which is associated with space-filling 
brane gauge invariance or with diffeomorphism invariance of the internal space of the 
fields if a- The model in the absence of this symmetry can also make sense 0, but then 
the geometrical interpretation of the theory is lost (in this case the constraint can 
still hold, but then the symmetry degrees of freedom becomes physical). Therefore, in 
what follows we will discuss cases when the local symmetry (p4D,(^5D holds (possibly 
appropriately generalized) even when matter fields are introduced (we called this 
symmetry "local Einstein symmetry"). 

The following examples satisfy the local Einstein symmetry and constraint ( pOf ) 
(the cases of gauge fields, massive scalar fields and massive fermions will be discussed 
in Sec. 6). 

1. Scalar fields without potentials, including fields subjected to non linear con- 
straints, like the a model||I|],0|. The general coordinate invariant action for these 
cases has the form Sm = j Lm^d^x where L^ = ^a,A<^,B 9^^- 

2. Matter consisting of fundamental bosonic strings[0],||2|. The constraint (^) can 
be verified by representing the string action in the D-dimensional form where Gab 

14 



plays the role of a background metric. For example, bosonic strings, according to 
our formulation, where the measure of integration in a D dimensional space-time is 
chosen to be ^d^x, will be governed by an action of the form: 



Sm - J L,,^.ng^d^X, (32) 

Lstring = -T J dadr ^^'^'' ~^' ^^^ ^Det{GABX^,X$) (33) 

where / LgtringV—Gd^x would be the action of a string embedded in a D-dimensional 
space-time in the standard theory; a, b label coordinates in the string world sheet 
and T is the string tension. Notice that under a transformation (^), L string -^ 
J 'y^~'^)/'^L string , therefore concluding that Lstring is a homogeneous function of G^^ 
of degree one, that is constraint (|30D is satisfied only if D = 4. 

3. It is possible []ll],[0 to formulate the point particle model of matter in four di- 
mensions {D = 4) in a way such that eq.(P(]|) is satisfied. This is because for the 
free falling point particle a variety of actions are possible (and are equivalent in the 
context of general relativity). The usual actions in the 4-dimensional space-time 
with the metric g^^i, are taken to be S* = —m J F{y)ds, where y = 9^lu^^^^ and 
s is determined to be an afiine parameter except if F = y^, which is the case of 
reparametrization invariance. In our model we must take Sm = —fn J Lpart^d'^x with 
Lpart = —m J ds ^^^^^'' F{y{X{s))) where J Lparty/—gd'^x would be the action of a 



-g 
point particle in 4 dimensions in the usual theory. For the choice F = y, constraint 

(PPP is satisfied. Unlike the case of general relativity, different choices of F lead to 

unequivalent theories. 

4. In the presence of Dirac fermions with the Lagrangian density (|16|) (in four 
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dimensions, Z) = 4) the local Einstein symmetry (P^,(P3D is appropriately generalized 
to 

e^(x) = J-i/^(x)e-(a:); e^^{x) = j"\x)e'!^{x) (34) 

$(a;) = J-i(x)$'(x) (35) 

^[x) = J^/\x)^'{xy, ^{x) = J^'\x)i^\x) (36) 

provided that V{il)il)) oc {ipip) or {tlj'jiilj){iljY'^)j which describe a Nambu - Jona- 
Lasinio type interaction^. Notice that in this case the condition for the invariance 
of the action with the matter Lagrangian (0) under the transformations (^^(|36D is 
not just the simple homogeneity of degree 1 in g'^'^ or degree 2 in e^, because of the 
presence of the fermion transformation (pGl). However, the invariance under (|3^-(|36D 
together with the fermionic equations of motion gives now the constraint in the form 



pi/^ 



dL 



m 



-2Lm = (37) 



This constraint was discussed in Ref.0 without reference to the generalized local 
Einstein symmetry (P^-(P^. From the results of Sec. 3 concerning the A-symmetry 
of the fermionic term of the action (see eq. (|23|) ) and making use the local Einstein 
symmetry (|34D -(^6D we can reduce the connection to the usual one in the presence of 
fermions HI . 
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6 Gauge fields, scalar fields with nontrivial poten- 
tials and massive fermions from a six dimen- 
sional theory 

We have seen in the previous paper[0] that when trying to introduce gauge fields into 
the theory in a way which is consistent with the local Einstein syninietry(|2^ , (|25|) , 
this runs against the problem that the gauge field kinetic energy G^^G'^^FacFbd 
has homogeneity of degree 2 in G"^^ instead of degree 1 which is needed in order to 
satisfy the constraint (pO]). We have shown also in Ref.|0] how this problem can be 
avoided in the framework of the Kaluza-Klein approach. However, the solution of 
this problem suggested in Ref.[0 seems to be not realistic enough. 

We now will show how it is possible to construct more realistic models then those 
discussed before, by working in the context of a higher dimensional theory with two 
or more compactified dimensions with curvature. In this case we can introduce cur- 
vature dependence in prefactors of gauge field kinetic energy, scalar field potentials 
or fermionic mass such that the local Einstein symmetry be an exact symmetry. 

In this case we consider an action of the form (the case of fermions will be con- 
sidered at the end of this section) 

S = J <l>d'x[-^R{r, G) - -^^^FabF^"" + ^G^^'dAvdBV - R{r, G)V{^)], (38) 

where Fab = SaAb — ObAa- The prefactors A/-R(r, G) in the gauge field kinetic 
energy and -R(r, G) in the scalar field potential V{ip) are required so as to preserve 
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the local Einstein symmetry 

The simplest realization of this idea is achieved in a six dimensional model where 
two dimensions are compactified into a sphere. We will see that the models we dis- 
cuss allow and seem to prefer this type of compactification. Furthermore, for solutions 
which are maximally symmetric in the remaining four dimensions, the noncompacti- 
fied 4-dimensional space-time is only Minkowski space. This means that starting from 
a higher dimensional model we achieve a four dimensional solution of the cosmological 
constant problem. 

The simplest model that respects the local Einstein symmetry and gives rise to 
M^ X S"^ compactified solution, is a model where compactification is triggered by a 
non linear sigma model. 

In this case 

S= [ <^d^x[--R{r,G) + -G^^dA(p ■ dB(f] (39) 

J K 2 

where the scalar field (p is an isovector constrained to satisfy cfP' = p = constant. 
This model is invariant under the local Einstein symmetry (^4]) , (|25|) . 
For the hedgehog configuration 

(f) = f {cos 9, sin 9 simp, sin 9 cos ip) (40) 

the M^ X S'^ metric 

ds"^ = -dt^ + dx^ + h^{d9'^ + sin^ 9d'p'^) (41) 

where h is an arbitrary constant, is a solution in the gauge x = 1 (that is in the 
gauge where the gravitational equations coincide with the 6-dimensional Einstein's 



equations) provided p = 2/k (see Ref. [0). If one wants to avoid the fine tuning 
of this parameter of the Lagrangian one can use instead a no scale non hnear sigma 
model where the size of the surface in isospin space is determined dynamically ||lll| ) . 
In this case b is not determined by the equations of motion. The M^ x S*^ form of 
compactification can be seen quite directly from the form of the equations Rab = 
K q^ab , since for the case (|3))(HD ^^ immediately obtain the condition i?^,^ = 
(/i, 1/ = 0, 1, 2, 3) and Rp + RI = R = 2/6^ ^ 0. Finally, we should point out that the 



possible Kaluza-Klein gauge fields acquire a big mass in this case[]T2[, so they don't 
appear in the low energy physics. 

It is interesting to see that it is possible to induce M^ x S"^ compactification from 
a gauge- field monopole configuration in the extra dimensions S'^. Let us consider the 
first two terms of the action (|38D , i.e. the action describing gravity + gauge fields in a 
locally Einstein symmetric way. For the magnetic monopole A^ = if A = 0, 1, 2, 3, 
Aq = 0, y4<p = m(cos6' =i= 1) and if 

dn"^ = de'^ + sin^ ed^'^, 

/x,z/ = 0,l,2,3, (42) 

we find the equations 

where F^ = FabF^^ ■ 
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If R^^(T) 7^ 0, then eqs.(^),(PD imply F^ = 0, which is not consistent with the 
monopole ansatz. Using that 

R^.u{T) = 0, (45) 

we see that R{T, G) = Rl + R'^ and from eq.(||) we get 

R\r,G) = -KXF\ (46) 

Notice that the action (|38|) respects the A-symmetry. Due to the local Einstein 
symmetry of the action, we can again fix the gauge where x — 1 (that is $ = \/—g)- 
Then the a-contribution (^2]) to the connection is equal to zero. 

When working with the action of Sec. 3, we were able to find the connection Tj^(j 



as a solution of eq.(T7) without using the equations of motion which follow from 
the variation with respect to G^^. Now however the scalar curvature enters in the 
equation obtained from the variation with respect to V^q. Therefore we have to solve 
these equations together. 

We are interested now in solutions which are maximally symmetric with respect 
to the remaining four dimensions. Therefore in (|4^) we choose gfj,u{x) as a met- 
ric of a maximally symmetric 4-dimensional space-time with 10 Killing vectors and 
b{x) = constant. Then F"^ is a constant. In this case, the variation with respect to 
T^Q leads again to an equation like (|1^ with a common factor (— -^ + r2(^ q) F'^)- It 
follows from eq. (|46D, that this factor is not equal to zero. Therefore, in the case 
under consideration, the magnetic monopole configuration does not contribute to the 
connection and hence the solution of eq.(|T7p is now just the Christoffel's connec- 
tion coefficients: F;^^ = {^c}- It means that Rab(X) is just the usual Ricci tensor 
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Rab{Gcd) ■ Therefore eg. (^31) takes the form R^u{g\a) = where R^u{g\a) is the 
usual Ricci tensor of the four dimensional space-time with a maximally symmetric 
metric gx^- We conclude that the very curved extra dimensions are necessarily ac- 
companied only with the flat maximally symmetric four dimensional space-time, that 
is with Minkowski space. 

Equation ( ^61) with R = R{Gab) gives us the value of the strength of the magnetic 



monopole: m = J2/k,X. Notice that the constant size b of the extra dimensions is not 
determined. The existence of this flat direction is associated (from the 4-dimensional 
point of view) with a massless scalar field. Whether this is a phenomenological 
problem depends on the coupling and possible cosmological evolution of such scalar 
field. This will be studied in the future. 

In this model there is no mass generation for the Kaluza-Klein gauge fields, which 
can therefore play a role in the low energy physics. It is also interesting to notice 
that what matter does in the extra dimensions produces directly curvature only in 
the extra dimensional space, at least in the ground state. That is, there is no mixing 
between Planck scale physics and low energy physics. 

This can be compared with the well known Freund-Rubin compactification, for 
example when applied to 11-dimensional supergravity [p^] , where an expectation value 
of a four index field strength Fabcd in four dimensions is responsible for curving four 
dimensions into an anti de Sitter space and also for the compactification of seven 
dimensions into a sphere, i.e., a complete mix up of the physics of compactification and 
the physics that dominates the large scale structure of the observed four dimensions. 
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With the addition of a potential of the form R{r,G)V{(f) (consistent with the 
local Einstein symmetry) to eg. (|38|) , the possibility of a scalar field with non trivial 
dynamics and in particular the possibility of mass for the scalar field and of spon- 
taneous symmetry breaking appears in a straightforward fashion. Notice that phase 
transitions associated with a change of < V{(j)) > correspond to a change in the effec- 
tive Newton constant and not related to a change of vacuum energies, which cannot 
enter into the theory anyway. 

Let us consider now the possibility of fermionic mass generation in 4-dimensional 
space-time in a way consistent with the local Einstein symmetry. If we look for a 
term which generates a fermionic mass term as a result of compactification in the 
form fR^ipip with dimensionless coupling constant / , then n has to be equal to 
1/2. In this case the only space-time dimension D which allows the local Einstein 
symmetry (0)-(0) is D = 6. Therefore for the fermionic mass generation in 4- 
dimensional space-time (without introduction new dimensionful coupling constant) 
we have to start from the 6-dimensional model with the action 

Sf = -\j $rf'x[(V^^)7^V' - V^7^VaV^ + 2i^R{T,G)iii;] (47) 



For 7-matrices and other quantities in six dimensions see Ref.[14|. After the compact- 
ification of two extra dimensions into a sphere, the curvature of the sphere induces a 
mass for fermions in 4-dimensional space-time. 
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7 Discussion 

We have shown that the NGVE-principle in the context of the first order formahsm 
solves the cosmological constant problem. In this paper we have formulated several 
models (in the above framework) that respect the local Einstein symmetry which has 
nice geometrical interpretations. Furthermore, in models where the local Einstein 
symmetry is the exact symmetry, we always have both constraint (^) and possibility 
to obtain the measure \/—G by setting the gauge $ = \/—G. 

Using higher dimensional {D > 6) models it is possible to maintain this local 
Einstein symmetry while constructing realistic models which allow for gauge fields, 
mass generation, spontaneous symmetry breaking, etc.. This is possible to realize in 
the presence of compactification of extra dimensions into a sphere and simultaneously 
achieving zero 4-dimensional cosmological constant. This result is related to the fact 
that in such a model the physics that is responsible for compactification does not 
affect the geometry of the large scale structure of the uncompactified four dimensional 
space-time. 

Furthermore, in the case where we use the gauge model (|38|) , compactification 
appears not only as a choice, since the alternative six-dimensional maximally sym- 
metric vacuum with R = would be a sick vacuum. This is not only because 1/R is 
undefined but also because the small perturbations bring us to the region where the 
gauge field kinetic term has wrong sign which is of course an unstable regime. 

Finally, if it is the case that the local Einstein symmetry can be maintained even 
after quantum corrections are considered, we get an interesting constraint on the form 
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of the possible quantum corrections which can be only terms homogeneous of degree 
1 in G^^ hke for example RabR^^/R- 
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